
Photoelectrochemical process 
 

Photoelectrochemical processes are processes in photoelectrochemistry; they 

usually involve transforming light into other forms of energy. These processes 

apply to photochemistry, optically pumped lasers, sensitized solar cells, 

luminescence, and photochromism. 

Electron excitation 

Electron excitation is the movement of an electron to a higher energy state. This 

can either be done by photoexcitation (PE), where the original electron absorbs 

the photon and gains all the photon's energy or by electrical excitation (EE), 

where the original electron absorbs the energy of another, energetic electron. 

Within a semiconductor crystal lattice, thermal excitation is a process where 

lattice vibrations provide enough energy to move electrons to a higher energy 

band. When an excited electron falls back to a lower energy state again, it is called 

electron relaxation. This can be done by radiation of a photon or giving the energy 

to a third spectator particle as well.  

In physics there is a specific technical definition for energy level which is often 

associated with an atom being excited to an excited state. The excited state, in 

general, is in relation to the ground state, where the excited state is at a 

higher energy level than the ground state. 

Photoexcitation 

Photoexcitation is the mechanism of electron excitation by photon absorption, 

when the energy of the photon is too low to cause photoionization. The absorption 

of the photon takes place in accordance with Planck's quantum theory. 

Photoexcitation plays role in photoisomerization. Photoexcitation is exploited 

in dye-sensitized solar cells, photochemistry, luminescence, 

optically pumped lasers, and in some photochromic applications. 

Photoisomerization 

In chemistry, photoisomerization is molecular behavior in which structural 

change between isomers is caused by photoexcitation. Both reversible and 

irreversible photoisomerization reactions exist. However, the word 

"photoisomerization" usually indicates a reversible process. Photoisomerizable 

molecules are already put to practical use, for instance, in pigments for rewritable 

CDs, DVDs, and 3D optical data storage solutions. In addition, recent interest in 

photoisomerizable molecules has been aimed at molecular devices, such as 

molecular switches, molecular motors, and molecular electronics. 
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Photoisomerization behavior can be roughly categorized into several classes. 

Two major classes are trans-cis (or 'E-'Z) conversion, and open-closed ring 

transition. Examples of the former include stilbene and azobenzene. This type of 

compounds has a double bond, and rotation or inversion around the double bond 

affords isomerization between the two states. Examples of the latter 

include fulgide and diarylethene. This type of compounds undergoes bond 

cleavage and bond creation upon irradiation with particular wavelengths of light. 

Still another class is the Di-pi-methane rearrangement. 

Photoionization 

Photoionization is the physical process in which an incident photon ejects one or 

more electrons from an atom, ion or molecule. This is essentially the same 

process that occurs with the photoelectric effect with metals. In the case of a gas 

or single atoms, the term photoionization is more common.  

The ejected electrons, known as photoelectrons, carry information about their 

pre-ionized states. For example, a single electron can have a kinetic energy equal 

to the energy of the incident photon minus the electron binding energy of the state 

it left. Photons with energies less than the electron binding energy may be 

absorbed or scattered but will not photoionize the atom or ion.  

For example, to ionize hydrogen, photons need an energy greater than 

13.6 electronvolts (the Rydberg energy), which corresponds to a wavelength of 

91.2 nm. For photons with greater. 

This formula defines the photoelectric effect. 

Not every photon which encounters an atom or ion will photoionize it. The 

probability of photoionization is related to the photoionization cross-section, 

which depends on the energy of the photon and the target being considered. 

For photon energies below the ionization threshold, the photoionization cross-

section is near zero. But with the development of pulsed lasers it has become 

possible to create extremely intense, coherent light where multi-photon 

ionization may occur. At even higher intensities (around 1015 - 1016 W/cm2 of 

infrared or visible light), non-perturbative phenomena such as barrier 

suppression ionization and rescattering ionization are observed. 

Multi-photon ionization 

Several photons of energy below the ionization threshold may actually combine 

their energies to ionize an atom. This probability decreases rapidly with the 

number of photons required, but the development of very intense, pulsed lasers 

still makes it possible. In the perturbative regime (below about 1014 W/cm2 at 

optical frequencies), the probability of absorbing N photons depends on the laser-

light intensity I as IN .  
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Above threshold ionization (ATI)  is an extension of multi-photon ionization 

where even more photons are absorbed than actually would be necessary to ionize 

the atom. The excess energy gives the released electron higher kinetic 

energy than the usual case of just-above threshold ionization. More precisely, the 

system will have multiple peaks in its photoelectron spectrum which are 

separated by the photon energies, this indicates that the emitted electron has more 

kinetic energy than in the normal (lowest possible number of photons) ionization 

case. The electrons released from the target will have approximately an integer 

number of photon-energies more kinetic energy. In intensity regions between 

1014 W/cm2 and 1018 W/cm2, each of MPI, ATI, and barrier suppression 

ionization can occur simultaneously, each contributing to the overall ionization 

of the atoms involved.  

Photo-Dember 

In semiconductor physics the Photo-Dember effect (named after its discoverer H. 

Dember) consists in the formation of a charge dipole in the vicinity of 

a semiconductor surface after ultra-fast photo-generation of charge carriers. The 

dipole forms owing to the difference of mobilities (or diffusion constants) for 

holes and electrons which combined with the break of symmetry provided by the 

surface lead to an effective charge separation in the direction perpendicular to the 

surface.  

Grotthuss–Draper law 

The Grotthuss–Draper law (also called the Principle of Photochemical 

Activation) states that only that light which is absorbed by a system can bring 

about a photochemical change. Materials such as dyes and phosphors must be 

able to absorb "light" at optical frequencies. This law provides a basis 

for fluorescence and phosphorescence. The law was first proposed in 1817 

by Theodor Grotthuss and in 1842, independently, by John William Draper.  

This is considered to be one of the two basic laws of photochemistry. The second 

law is the Stark–Einstein law, which says that primary chemical or physical 

reactions occur with each photon absorbed.  
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